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Techniques for transmitting a response 1n a messaging
application via a notification can include receiving, at a
computing device having one or more processors, an elec-
tronic message via a messaging application. The technique
can also include outputting, at the computing device, a
notification of the electronic message via a system level
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receiving a selection of a particular response of the one or
more suggested responses via the notification, and transmit-
ting, via the messaging application, the particular response
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SYSTEM AND METHOD FOR
TRANSMITTING A RESPONSE IN A
MESSAGING APPLICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of, and claims priority
to, U.S. patent application Ser. No. 15/710,428, filed Sep.
20, 2017, which claims the benefit of U.S. Provisional
Application No. 62/397,325, filed Sep. 20, 2016, the con-

tents of which are incorporated herein by reference in their
entirety.

BACKGROUND

The background description provided herein 1s for the
purpose of generally presenting the context of the disclo-
sure. Work of the presently named inventors, to the extent it
1s described 1n this background section, as well as aspects of
the description that may not otherwise qualily as prior art at
the time of filing, are neither expressly nor impliedly admut-
ted as prior art against the present disclosure.

A user of a messaging application (instant messaging,
SMS or other text messaging, email, etc.) will often utilize
her or his computing device to send and recerve messages.
In some cases, the messaging application may provide a
notification of a newly received message via a notification
function of the operating system of the computing device.
The notification function may provide an audible, visible,

and/or tactile (e.g., haptic feedback) notification to the user.
I the mobile device provides a visible notification, a user
may select (touch, click, etc.) the notification, which
launches the messaging application. In this manner, a user
may launch the messaging application and read/hear/view
the newly received message.

SUMMARY

Various techniques for transmitting a response 1n a mes-
saging application via a notification 1s disclosed. The tech-
niques can mclude receiving, at a computing device having
one or more processors, an electronic message via a mes-
saging application. The techniques can also include output-
ting, at the computing device, a notification of the electronic
message via a system level notification function when the
messaging application 1s executing 1 a background of the
computing device. The notification can include an 1dentifier
of a sender of the electronic message, at least a portion of the
clectronic message, and one or more suggested responses to
the electronic message. The techniques can further include
receiving a selection of a particular response of the one or
more suggested responses via the notification, and transmit-
ting, via the messaging application, the particular response
for sending to the sender of the electronic message while the
messaging application 1s executing 1n the background of the
computing device.

In other aspects, the present disclosure 1s directed various
techniques for transmitting a response 1n a messaging appli-
cation via a nofification. The techniques can 1nclude receiv-
ing, at a first computing device having one or more proces-
sors, an electronic message posted via a messaging
application. Further, the techmques can include generating,
at the first computing device, one or more suggested
responses to the electronic message, and transmitting, by the
first computing device, the one or more suggested responses
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for output via a system level nofification function in the
messaging application that 1s executing 1n a background of
a second computing device.

In addition to the above, the present disclosure 1s directed
to a computing device and a computing system for perform-
ing the above techniques. Also disclosed 1s a non-transitory
computer-readable storage medium having a plurality of
instructions stored thereon, which, when executed by one or
more processors, cause the one or more processors to
perform the operations of the above techniques.

Further areas of applicability of the present disclosure will
become apparent from the detailed description provided
hereinafter. It should be understood that the detailed descrip-
tion and specific examples are intended for purposes of
illustration only and are not intended to limit the scope of the
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:

FIG. 1 1s a diagram of an example computing system
including example computing devices and an example
server computing device according to some 1mplementa-
tions of the present disclosure;

FIG. 2 1s a functional block diagram of one of the example
computing devices of FIG. 1;

FIG. 3 1s a diagram of an example graphical user interface
displayed by the example computing device of FIG. 1
according to some 1mplementations of the present disclo-
sure;

FIGS. 4A-4D are diagrams of an example graphical user
interface displayed by the example computing device of
FIG. 1 according to some implementations of the present
disclosure:

FIG. § 1s a diagram of an example graphical user interface
displayed by the example computing device of FIG. 1
according to some i1mplementations of the present disclo-
SUre;

FIG. 6 1s a diagram of an example graphical user interface
displayed by the example computing device of FIG. 1
according to some 1mplementations of the present disclo-
SUre;

FIG. 7 1s a diagram of an example graphical user interface
displayed by the example computing device of FIG. 1
according to some 1mplementations of the present disclo-
sure; and

FIG. 8 1s a flow diagram of an example technique for
transmitting a response in a messaging application via a
notification according to some implementations of the pres-
ent disclosure.

DETAILED DESCRIPTION

As brietly mentioned above, a user of a messaging appli-
cation (instant messaging, SMS or other text messaging,
email, etc.) may utilize her or his mobile device or other
computing device to send and receive messages. A user may
be presented with a notification of a newly recerved mes-
sage, €.g., via a notification function of the computing
device operating system. The notification function may
provide an audible, visible, and/or tactile notification to the
user even 1i the messaging application 1s executing 1n a
background of the computing device. The user may interact
with the notification, e.g., by selecting (touch, click, etc.) the
notification, which launches the messaging application in
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which the user may read/hear/view the newly received
message. In order to respond to the newly received message,
the user may select a response functionality of the launched
messaging application, mput the response, and send the
response to the other user.

Thus, 1n the typical arrangement described above, a user
must launch and interact with a messaging application
executing in the foreground of the computing device in order
to respond to a newly received message. It would be
desirable to provide a system and method that permits a user
to quickly and easily provide a response to a newly recerved
clectronic message without launching or otherwise causing
the messaging application to execute in the foreground of
the computing device. The present disclosure 1s directed to
such a system and method, as well as a non-transitory
computer-readable medium that stores instructions for per-
forming the method. While not limited to such an imple-
mentation, the present disclosure may be particularly well-
suited for instant messaging or other forms of text
messaging applications that are utilized to provide real-time
communication between users.

The present disclosure 1s directed to solving, inter alia, the
objective technical problems of recerving user mput 1n a
messaging application and transmitting electronic messages
via a messaging application. In order to achieve the above
identified and other technical objectives, the present disclo-
sure 1s directed to a system and method for generating and
transmitting a response to a newly received message via a
notification output by a messaging application executing in
a background of the computing device. More specifically,
the present disclosure provides for a system and method that
receives a new electronic message while the associated
messaging application 1s executing 1n the background of the
computing device. A notification 1s output by the computing
device, where the notification includes one or more sug-
gested responses to the new electronic message.

The suggested response(s) may be generated by the
computing device, a server in communication with the
computing device, or a combination thereof, based on the
received electronic message and a model (e.g., a language
model) trained to generate one or more probable responses
to received electronic messages. From the notification, a
user may select one of the suggested responses, which will
be transmitted to the sender of the original electronic mes-
sage without launching the messaging application (e.g.,
executing the messaging application 1n the foreground). In
this manner, a user may quickly and easily provide a
response to a newly received electronic message from the
notification functionality of the computing device and with-
out launching or otherwise causing the messaging applica-
tion to execute 1n the foreground of the computing device.

In addition to the above, the present disclosure can
provide additional technical benefits over typical methods
for generating and transmitting responses 1n a messaging
application. For example only, because the user interacts
with the notification to send a message while the messaging
application i1s executing in the background of the computing
device, the computing device does not have to reload the
parameters of the messaging application, switch the current
application executing in the foreground to the messaging
application, and/or refresh the display of the computing
device. This also eliminates the need for the computing
device to recreate the present state of the messaging appli-
cation, such as by retrieving the previously sent messages
(from memory or from a server or other network device),
refreshing and reloading the graphical user interface of the
messaging application, and displaying the retrieved mes-
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sages. This can, e.g., increase the speed of operation of the
computing device by requiring less operations to achieve the
same result, as well as reduce the number of memory
retrieval/storage operations.

An additional technical benefit of the present disclosure 1s
that the computing resources directed to the application
executing in the foreground of the computing device need
not be switched to loading and executing the messaging
application 1n order to generate and transmit a response. An
application executing in the foreground of the computing
device may have priority over the computing resources of
the computing device. By enabling the transmission of
messages through the messaging application while 1t 1s
executing in the background, the present disclosure reduces
the latency of transmitting a message by eliminating the
delay associated with switching the messaging application to
the foreground. Furthermore, because there 1s switching of
the foreground application, the operations, latency, efc.
associated with switching the messaging application back to
the background of the computing device can be eliminated.
This may also have the additional benefit of reducing the
refresh operations of the display, thereby reducing the power
consumption of the computing device.

Additionally, by providing suggested responses to the
user, the present disclosure may reduce the number of mputs
required to receive and transmit a response 1n a messaging
application. For example only, a typical response may be
received via a keyboard application, in which the user
provides a plurality of mputs (corresponding to selected
characters) to generate a response. Rather than requiring a
user mput for each character of a response, which may
require a processing step for each input, the present disclo-
sure contemplates a simple selection and a single user input
to both select and transmit a desired response. In this
manner, the computing device may reduce the use of power
and other computing resources associated with the indi-
vidual processing of the plurality of user inputs.

More specifically, a computer-implemented method may
comprise:

recetving, at a computing device having one or more
processors, an electronic message via a messaging applica-
tion;

outputting, at the computing device, a notification of the
clectronic message via a system level notification function
when the messaging application 1s executing 1n a back-
ground of the computing device, the notification including
an 1dentifier of a sender of the electronic message, at least a
portion of the electronic message, and one or more sug-
gested responses to the electronic message;

recerving, at the computing device, a selection of a
particular response of the one or more suggested responses
via the notification; and

in response to the selection of the particular response,
transmitting, from the computing device and via the mes-
saging application, the particular response for sending to the
sender of the electronic message while the messaging appli-

cation 1s executing in the background of the computing
device.

The computer-implemented method may also comprise,
in response to a user selection of the portion of the electronic
message, switching the messaging application to execute in
a foreground of the computing device.

Furthermore, 1t 1s an object of the mvention to provide a
computing device, comprising one or more processors and a
non-transitory computer-readable storage medium having a
plurality of instructions stored thereon, which, when
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executed by the one or more processors, cause the one or
more processors to perform the operations of the computer-
implemented method.

Referring now to FIG. 1, a diagram of an example
computing system 100 1s illustrated. The computing system
100 can be configured to implement an electronic messaging
communication network amongst a plurality of users via
theirr computing devices. The computing system 100 can
include a plurality of example computing devices 110 and an
example server 120 that communicate via a network 130
according to some 1mplementations of the present disclo-
sure.

For ease of description, 1n this application and as shown
in FIG. 1, two example computing devices 110 are 1llus-
trated and described: a sending computing device 110s that
1s associated with a sender user 105s, and a receiving
computing device 1107 that 1s associated with a receiving
user 105r. It should be appreciated, however, that each of the
computing devices 110s and 1107 can both send and receive
clectronic messages and, thus, can be described as the
“sending” computing device or the “receiving” computing
device (and, similarly, the “sending” user or the “recerving”
user) depending on the circumstances and the particular
clectronic message that 1s being discussed.

While illustrated as mobile phones (“smart” phones), each
computing device 110 can be any type of suitable computing
device, such as a desktop computer, a tablet computer, a
laptop computer, a wearable computing device such as
eyewear, a watch or other piece of jewelry, or clothing that
incorporates a computing device. A functional block dia-
gram of an example computing device 110 1s 1llustrated 1n
FIG. 2.

The computing device 110 can include a communication
device 200, one more processors 210, a memory 220, a
display device 230, and a messaging response language
model 240. The processor(s) 210 can control operation of
the computing device 110, including implementing at least
a portion of the techniques of the present disclosure. The
term “processor’” as used herein 1s intended to refer to both
a simgle processor and multiple processors operating
together, e.g., 1n a parallel or distributed architecture.

The communication device 200 can be configured for
communication with other devices (e.g., the server 120 or
other computing devices 110) via the network 130. One
non-limiting example of the communication device 200 1s a
transceiver, although other forms of hardware are within the
scope of the present disclosure. The memory 220 can be any
suitable storage medium (flash, hard disk, etc.) configured to
store information. For example, the memory 220 may store
a set of mstructions that are executable by the processor 210,
which cause the computing device 110 to perform opera-
tions, €.g., such as the operations of the present disclosure.
The display device 230 can display information to the user
105. In some implementations, the display device 230 can
comprise a touch-sensitive display device (such as a capaci-
tive touchscreen and the like), although non-touch display
devices are within the scope of the present disclosure.

A language model (such as the messaging language
response model 240) can be a probability distribution over
a sequence of text (characters, word, phrases, etc.) that 1s
derived from (or “trained” based on) training data. In some
implementations, a language model can assign a probability
to a piece ol unknown text (character, word, phrase, etc.)
based on the surrounding text (before and/or after the
unknown text) and a corpus of training data upon which the
language model 1s trained. The use of such a labeled training
corpus or set can be referred to as a supervised learning
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process. The messaging response language model 240 can
be utilized by the processor 210 to determine one or more
suggested responses to a newly received electronic message,
as more fully described below. Although illustrated as a
separate element, 1t should be appreciated that the messag-
ing response language model 240 can be partially or wholly
implemented by processor 210 and/or the memory 220 (e.g.,
a database storing the parameters of the messaging response
language model 240).

It should be appreciated that the example server comput-
ing device 120 can include the same or similar components
as the computing device 110, and thus can be configured to
perform some or all of the techniques of the present disclo-
sure, which are described more fully below. Further, while
the techniques of the present disclosure are described herein
in the context of a computing device 110, it 1s specifically
contemplated that each feature of the techniques may be
performed by a computing device 110 alone, a plurality of
computing devices 110 operating together, a server comput-
ing device 120 alone, a plurality of server computing devices
120 operating together, and a combination of one or more
computing devices 110 and one or more server computing
devices 120 operating together.

With reference to FIG. 3, an example graphical user
interface (“GUI”) 300 that can be displayed by the display
device 230 of the example receiving computing device 110
when executing a messaging application in a background of
the example receiving computing device 1107 according to
certain implementations of the present disclosure 1s shown.
In FIG. 3, the illustrated GUI 300 corresponds to a lock
screen of the computing device 1107 that 1s indicative of the
computing device 1107 being “locked” or otherwise not
freely usable.

The illustrated GUI 300 i1s shown as displaying an
example noftification 310 of a newly received electronic
message 312 (“Awesome work™) via a system level notifi-
cation function when the messaging application 1s executing
in the background of the computing device. A system level
notification function can be, e.g., a notification function
provided by the operating system of the computing device
112 and/or by an application at a system level (as opposed
to an end-user level, such as the messaging application). The
illustrated GUI 300 1s also shown as displaying an additional
notification 320 (corresponding to an available update to
another application of computing device 1107), an unlock
button 330, a time and date widget 340, and one or more
status 1ndicators 350 (corresponding to a battery status,
network status, etc.).

The notification 310 as shown includes an 1dentifier 314
of a sender (e.g., sender user 105s) of the electronic message
312, at least a portion of the electronic message 312, and one
or more suggested responses 316 (““Thanks™), 318 (“€ ™) to
the electronic message 312. The 1dentifier 314 of the sender
user 1055 can include, e.g., a picture or other graphic, a name
or other textual identifier, and/or a phone number or other
contact identifier.

In the 1illustrated example, the electronic message 312
(“Awesome work™) 1s shown 1n full. It should be appreci-
ated, however, that the full electronic message 312 may not
be displayed in the notification 310, and, instead, a shortened
version (clipped, summarized, etc.) may be displayed,
depending on the size of the electronic message 312 and/or
the display size of the notification 310. Further, 1t 1s con-
templated that the display size of the notification 310 may be
variable and/or take different forms or configurations, as
more fully discussed below. For example only, in one
configuration, the notification 310 may display a shortened
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version of the electronic message 312, and in another
configuration, the notification 310 may display the tull
version of the electronic message 312.

The one or more suggested responses 316 (“Thanks™),
318 (“€ ™) to the electronic message 312 are included in the
notification 310 and correspond to probable responses to the
clectronic message 312, e.g., as determined by the messag-
ing response language model 240. The notification 310 is
configured such that the user 105~ of the receiving comput-
ing device 110 may select a particular response (e.g.,
suggested response 316—“Thanks™) of the one or more
suggested responses. In response to the selection of a
particular response 316, the computing device 1107 may
automatically transmit the particular response 316 to the
sender user 105s of the electronic message 312 while the
messaging application 1s executing 1n the background of the
computing device 110». In some implementations, upon
transmitting the particular response 316 to the sender user
105s, the messaging application can mark the electronic
message 312 (and/or all unread electronic messages) as
“read” and remove the notification 310.

As mentioned above, the illustrated GUI 300 corresponds
to a lock screen of the computing device 1107 that 1s
indicative of the computing device 1107 being “locked” or
otherwise not freely usable. In some aspects, the computing
device 110r can, 1n response to receiving the selection of the
particular response 316 from the notification 310, transmit
the particular response 316 to the sender user 1035s of the
clectronic message 312 while the computing device 110#
remains otherwise locked and not freely usable. It should be
appreciated that the computing device 1107 may, 1n some
implementations, require the user 1107 to enter a password
or other user venfication for security purposes in order to
transmit the particular response 316. In some such 1mple-
mentations, the computing device 1107 may automatically
transmit the particular response 316 1n the locked configu-
ration and, after the transmission, remain in the locked
configuration.

In some implementations, the notification 310 can also or
alternatively include a reply option that launches the mes-
saging application. For example only, when the user 1057
selects a portion of the notification 310 separate from the one
or more suggested responses 316, 318, the computing device
110 may launch the messaging application such that the
messaging application 1s executing 1n a foreground of the
computing device 1107, as described more fully below.
Other interactions (swiping, double clicking, etc.) with the
notification 310 are also contemplated and which may
correspond to particular actions of the computing device
1107

With reference to FIGS. 4A-4D), another example graphi-
cal user interface (“GUI") 400 that can be displayed by the
display device 230 of the example receiving computing
device 110» when executing a messaging application 1n a
background of the example receiving computing device 1107
according to certain implementations of the present disclo-
sure 1S shown. In FIG. 4A, the illustrated GUI 400 corre-
sponds to a “home” screen of the computing device 110~
corresponding to the computing device 1107 being 1n an
“unlocked” state or otherwise freely usable. The GUI 400
can 1nclude one or more of the same elements (the time and

date widget 340, one or more status indicators 350, etc.) of
GUI 300, which will not be further described.

The illustrated GUI 400 1s shown 1n FI1G. 4A as displaying
an example notification 410A of a newly received electronic
message, such as newly received message 312 (“Awesome
work™), via a system level notification function when the
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messaging application 1s executing 1n the background of the
computing device. The 1illustrated GUI 400 1s also shown as
displaying an additional notification 420A (corresponding to
an available update to another application of computing
device 110r), and a plurality of application launch i1cons 430.

The example notification 410A as shown 1s merely an
icon or other graphical indicator that indicates to the user
1107 that an unread electronic message has been received.
The notification 410A can be expanded or otherwise recon-
figured to correspond to a notification 410B, as shown 1n
FIG. 4B. In some aspects, a user 110r can select the
notification 410A, swipe downwardly (or any other direc-
tion) from at or near the notification 410A, etc. to expand/
reconfigure the notification 410A such that the computing
device 110# displays the notification 410B.

Similar to notification 310 described above, notification
410B can include an i1dentifier 314 of a sender (e.g., sender
user 103s) of the electronic message 312, at least a portion
of the electronic message 312, and one or more suggested
responses 316 (“Thanks™), 318 (“€”) to the electronic
message 312. In this example, the display size of the
notification 410A 1s variable and/or takes different forms or
configurations. It should be appreciated that the notification
410B may also be variable and/or take different forms or
configurations (e.g., enlarged or contracted).

The one or more suggested responses 316 (““Thanks™),
318 (“€ ™) to the electronic message 312 are included in the
notification 410B and correspond to probable responses to
the electronic message 312, e.g., as determined by the
messaging response language model 240. The notification
410B 1s configured such that the user 1057 of the receiving
computing device 1107 may select a particular response
(e.g., suggested response 316— “Thanks™) of the one or
more suggested responses. In response to the selection of a
particular response 316, the computing device 1107 may
automatically transmit the particular response 316 to the
sender user 1035s of the electronic message 312 while the
messaging application 1s executing 1n the background of the
computing device 110~

As an alternative, and with reference to FIGS. 4C and 4D,
notification 410C can include similar components to notifi-
cation 410B (an 1dentifier 314 of a sender of the electronic
message 312, at least a portion of the electronic message
312, and one or more suggested responses 316 (““Thanks”™),
318 (“©”) to the electronic message 312), as well as an
additional quick reply option 422 described below. The one
or more suggested responses 316 (““Thanks™), 318 (“€ ™) to
the electronic message 312 are included 1n the notification
410C and correspond to probable responses to the electronic
message 312, e.g., as determined by the messaging response
language model 240. The notification 410C 1s configured
such that the user 105~ of the receiving computing device
110 may select a particular response (e.g., suggested
response 316—“Thanks”) of the one or more suggested
responses. In response to the selection of a particular
response 316, the computing device 110» may automatically
transmit the particular response 316 to the sender user 105s
of the electronic message 312 while the messaging applica-
tion 1s executing 1n the background of the computing device
110~

As mentioned, the noftification 410C 1s configured to
include a quick reply option 422. In response to the selection
of the quick reply option 422, the computing device 110~
may expand the notification 410C to include an input portion
440 and a keyboard 450 (as shown 1n notification 410D of
FIG. 4D) while the messaging application 1s executing 1n the
background of the computing device 110». Notification
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410D can permit the receiving user 1107 to input text, emori,
images, etc. into the messaging application via the keyboard
450 for transmission to the sending user 110s while the
messaging application 1s executing 1n the background of the
computing device 1107. Once the user 1107 has mput what-
ever text, emoj1, 1images, etc. into the mput portion 440, the
user 1107 may selecting the send button 442 to transmit the
message to the sending user 1035

As shown i FIG. 4D, the one or more suggested
responses 316 (“Thanks™), 318 (“€”) to the electronic
message 312 may be included 1n the notification 410D and
correspond to probable responses to the electronic message
312, e.g., as determined by the messaging response language
model 240, as described above. Alternatively, the one or
more suggested responses 316 (“Thanks™), 318 (“€ ) to the
clectronic message 312 may be removed from the GUI 400.

In some 1implementations, the notification(s) 410A, 4108,
410C, 410D can also or alternatively include a reply option
that launches the messaging application directly from the
notification(s) 410A, 410B, 410C, 410D. For example only,
when the user 1057 selects a portion of the notification 410
separate from the one or more suggested responses 316, 318,
the computing device 110 may launch the messaging appli-
cation such that the messaging application 1s executing 1n a
foreground of the computing device 110r. Other interactions
(swiping, double clicking, etc.) with the notification(s)
410A, 410B, 410C, 410D are also contemplated and which
may correspond to particular actions of the computing
device 1107 with respect to the notifications 410A, 4108,
410C, 410D and/or messaging application.

With reference to FIG. 5, an example graphical user
interface (“GUI”) 500 that can be displayed by the display
device 230 of the example receiving computing device 1107
when executing a messaging application 1n a foreground of
the example receiving computing device 1107 according to
certain 1mplementations of the present disclosure 1s shown.
In FIG. §, the illustrated GUI 500 corresponds to a configu-
ration 1n which a message history 502 between the receiving,
user 1107 and the sender user 110s 1s displayed. The example
GUI 500 also includes the identifier 314 of the sender user
105s of the electronic message 312 (corresponding to tele-
phone number “(650) 555-1234”) and an input portion 504
in which the receiving user 1107 can input text, emori,
images, etc. into the messaging application for transmission
to the sending user 110s. The GUI 500 can further include
one or more of the same elements (one or more status
indicators 350, notification 420A, etc.) of GUIs 300, 400,
which will not be further described.

The 1llustrated GUI 500 1s shown 1n FIG. 5 as displaying
the recerved message 312 (“Awesome work™), as well as the
one or more suggested responses 316 (“Thanks™), 318 (“€ )
and at least one additional full length potential response 516
(““Thank you very much”). The GUI 500 may be displayed
to the recerving user 1107, e.g., 1n response to the recerving,
user 1107 selecting the reply option from one of the notifi-
cations 310, 410A, 410B. More specifically, rather than the
receiving user 1107 selecting one of the suggested responses
316, 318, the recerving user 110 may instead select a
different portion of the notifications 310, 410B. In response
thereto, the computing device 1107 may launch the messag-
ing application such that 1t 1s executing in the foreground of
the computing device 1107 and present the GUI 500 to the
user.

As described more fully below, the at least one additional
tull length potential response 516 (““Thank you very much”)
may or may not be different from the one or more suggested
responses 316, 318. In certain aspects, the one or more
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suggested responses 316, 318 correspond to probable
responses to the electronic message 312 (e.g., as determined
by the messaging response language model 240) that satisiy
a character (or other form of length) threshold. In contrast,
the at least one additional tull length potential response 516
may correspond to probable responses to the electronic
message 312 without regard to a character (or other form of
length) threshold. Additionally or alternatively, the at least
one additional full length potential response 516 may cor-
respond to probable responses to the electronic message 312
that satisty a second character (or other form of length)
threshold different than that associated with the one or more
suggested responses 316, 318.

For example only, there may be less available display
space for suggested responses/potential responses in the
notifications 310, 410B than in the messaging application
GUI 500. Accordingly, the one or more suggested responses
316, 318 that can be displayed 1n the notifications 310, 4108

may be limited to probable responses that are constrained in
s1ze such that the one or more suggested responses 316, 318
can be fully displayed in the noftifications 310, 410B.
Because there may be more available display space in the
messaging application GUI 500, however, the at least one
additional full length potential response 516 may not be so
limited (or may be differently limited) and/or more sug-
gested/potential responses may be displayed 1n the GUI 500.

In some embodiments, when a notification (e.g., notifi-
cations 310, 410B) that includes one or more suggested
responses 316, 318 has been displayed to the receiving user
1107 and then the messaging application 1s switched to the
foreground of the receiving computing device 1057, the one
or more suggested responses 316, 318 and the at least one
additional full length potential response 516 may be dis-
played. For example only, the one or more suggested
responses 316, 318 and the at least one additional full length
potential response 516 can be displayed in a ranked order in
which the previously displayed one or more suggested
responses 316, 318 precede the at least one additional full
length potential response 516. In this manner, the receiving
user 1107 can be presented with probable responses to the
clectronic message 312 that are consistent across the noti-
fications 310, 410B and the GUI 500.

Alternatively, upon selection of the reply option (as
discussed above), one or more additional suggested
responses different from the previously displayed one or
more suggested responses 316, 318 can be generated and
displayed in the GUI 500. In this manner, the receiving user
110 can be presented with many different options for
selecting a probable response based on the assumption that,
if the recerving user 1107 desired to response with one of the
one or more suggested responses 316, 318 displayed 1n the
notification 310, 4108, the user 1107 would have selected to
respond via the notification 310, 410B directly and would
not have selected the reply option.

Upon selection of one probable response of the one or
more suggested responses 316, 318 or the at least one
additional full length potential response 3516, the input
portion 504 of the GUI 500 may be populated with the
selected probable response, for editing and/or transmission
to the sending user 105s, e.g., upon the user 1057 selecting
a send button 506. Alternatively, selection of one probable
response of the one or more suggested responses 316, 318 or
the at least one additional full length potential response 516
by the receiving user 1057 may automatically transmit the
selected probable response to the sending user 105s without
further input from the receiving user 105~
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In some embodiments, and with further reference to FIG.
6, when a notification that includes one or more suggested
responses 316, 318 has not been displayed to the receiving
user 1107 (e.g., because notifications are turned ofl, or
because the messaging application 1s executing in the fore-
ground of the recerving computing device 1057 and no
notifications are displayed), one or more full length sug-
gested responses 616-1, 616-2, . . . 616-» (individually and
collectively referred to herein as ““full length suggested
response(s) 616”) diflerent from the one or more suggested
responses 316, 318 can be displayed.

As mentioned above, 1n some implementations, the one or
more suggested responses 316, 318 may be selected based
on one or more criteria related to character or other length
threshold, e.g., due to the constrained display space provided
by a notification 310, 410B. Accordingly, because the GUI
600 has a different amount of available display space, the
tull length suggested response(s) 616 may not be con-
strained according to a character or other length threshold,
or may be constrained according to a diflerent length thresh-
old. Therefore, the full length suggested response(s) 616
may or may not differ from the one or more suggested
responses 316, 318 that would be generated for display in a
notification 310, 410B. As shown 1n FIG. 6, the full length
suggested response 616-1 corresponds to the suggested
response 316 (““Thanks™), while the full length suggested
response 616-2 (“Thank you very much”) does not corre-
spond to any of the one or more suggested responses 316,
318.

An example graphical user interface (“GUI”) 700 that can
be displayed by the display device 230 of the example
receiving computing device 1107 when a messaging appli-
cation 1s executing in the foreground according to certain
implementations of the present disclosure 1s shown 1n FIG.
7. Specifically, FIG. 7 relates to a GUI 700 of the messaging
application after transmitting a response message 716
(““Thanks™) to the sending user 103s. The GUI 700 can
turther include one or more of the same elements (one or
more status indicators 350, notification 420A, etc.) of GUIs
300, 400, 500, 600 which will not be further described.

As described above, the recerving user 1057 can transmit
the response message 716 (which corresponds to the sug-
gested response 316 and the full length suggested response
616-1 described above) 1n various ways. For example only,
and with reference to FIG. 3, the user 1107 can select the
suggested response 316 from the notification 310, which
will result in the transmission of the response message 716
to the sending user 105s via the messaging application. In
other examples, and with reference to FIGS. 4B and 5, the
user 1107 can select the suggested response 316 from the
notification 410B or the GUI 500, which will result 1n the
transmission of the response message 716 to the sending
user 105s via the messaging application. In yet another
example (FIG. 6), the user 1107 can select the full length
suggested response 616-1 from the GUI 600, which can be
transmitted as the response message 716 to the sending user
105s via the messaging application.

As mentioned above, the messaging response language
model 240 can be utilized by the processor 210 to determine
one or more suggested responses (such as, the one or more
suggested responses 316, 318, the at least one additional full
length potential response 516, and/or the one or more full
length suggested responses 616) to a newly recerved elec-
tronic message (electronic message 312). While shown in
FIG. 2 as bemng a component of the example computing
device 110, it should be appreciated that the messaging
response language model 240 can instead be a component of
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the server computing device 120, or, alternatively, be imple-
mented by the example computing device 110 and one or
more server computing devices 120 working in conjunction.
Accordingly, where possible the messaging response lan-
guage model 240 will be described separately from the
specific computing device(s) (computing device 110, and/or
server computing device(s) 120) with which 1t 1s 1mple-
mented, and any description of the messaging response
language model 240 with respect to a specific computing
device 1s equally applicable, mutatis mutandis, to any other
computing device or devices. Furthermore, it 1s within the
scope of the present disclosure that the messaging response
language model 240 can be adapted over time based on the
interactions with a user (such as user 1057). In this manner,
the messaging response language model 240 can be better
tuned to provide better, more accurate suggested responses.

The messaging response language model 240 can be a
probability distribution over a sequence of electronic mes-
sages (that include characters, word, phrases, emoji, etc.)
that 1s dertved from (or “trained” based on) training data. For
example only, the message response language model 240
can assign a probability to a piece of unknown text (a
probable response message, such as, the one or more sug-
gested responses 316, 318, the at least one additional full
length potential response 516, and/or the one or more full
length suggested responses 616) based on the surrounding
text (such as, the electronic message 312 to which the
probable response message 1s to respond) and a corpus of
training data upon which the message response language
model 240 1s trained. The use of such a labeled traiming
corpus or set can be referred to as a supervised learning
process.

The messaging response language model 240 can be
utilized by the computing device 110 or server computing
device 120 to determine one or more suggested responses to
a newly recerved electronic message. More specifically,
messaging response language model 240 can generate the
one or more suggested responses (responses 316, 318, 516,
and/or 616) and their associated probability scores based on
one or more preceding messages (electronic message 312).

In some implementations, the messaging response lan-
guage model 240 can be configured to generate the one or
more suggested responses (responses 316, 318, 516, and/or
616) and their associated probability scores based on one or
more preceding messages (electronic message 312) and an
anticipated display size. In this manner, the one or more
suggested responses can be limited 1n size to correspond to
the display area 1n which they will be presented, e.g., subject
to a maximum character limit of the notification 310, 410B
on the computing device 110r. Furthermore, by including an
anticipated display size as a criterion utilized by the mes-
saging response language model 240, the messaging
response language model 240 may associate a higher prob-
ability score (or assign a higher prionity) to suggested
responses having a relatively shorter length (such as, a single
word or an emoj1 character).

In yet another aspect, the messaging response language
model 240 can be configured to generate the one or more
suggested responses (responses 316, 318, 516, and/or 616)
and their associated probability scores based on one or more
preceding messages (electronic message 312) and irrespec-
tive ol any character or size limitations. The suggested
responses can then be filtered such that the one or more
suggested responses are limited in size to correspond to the
display area in which they will be presented, e.g., subject to
a maximum character limit of the notification 310, 410B on
the computing device 110~
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The anticipated display size, maximum character limit, or
other length threshold can be determined 1n various ways.
For example only, 1n some implementations, the size/length
threshold may be generated at the computing device 110,
where the device model and other details of the computing
device 110 are known. In such implementations, a mapping
between the device model and/or other details of the com-
puting device 110 and the size/length threshold can be
generated and stored for use or transmission to the server
computing device 120. In other implementations, the device
model and/or other details (e.g., metadata such as screen
resolution) of the computing device 110 can be transmitted
to the server computing device 120 at which the size/length
threshold 1s retrieved or generated. Other techniques for
retrieving, generating, and/or obtaining a size/length thresh-
old are within the scope of this disclosure.

As brietly mentioned above, in some implementations the
messaging response language model 240 can be utilized by
server computing device 120 to determine one or more
suggested responses to a newly received electronic message
at the recerving computing device 1107. In some implemen-
tations, the receiving computing device 1107 will receive an
clectronic message (such as, electronic message 312) from
a different server computing device, network, or other
device that 1s separate from the server computing device 120
implementing the messaging response language model 240.
In such situations, the receiving computing device 1107 may
transmit the newly received electronic message 312 and a
request for one or more suggested responses to include 1n a
notification (e.g., notification 310, 410B) or a GUI (e.g.,
GUI 500).

In some implementations, the recerving computing device
1107 may transmit a single request for one or more full
length suggested responses 616 to the electronic message
312, without transmitting any size or character threshold
corresponding to a notification display size. In such imple-
mentations, the recerving computing device 1107 may then
generate the one or more suggested responses 316, 318 to
include 1n a notification 310, 4108 by filtering, extracting, or
otherwise condensing the one or more full length suggested
responses 616 received from the server computing device
120.

In further implementations, the receiving computing
device 110 may transmit two distinct requests for a sug-
gested response to the electronic message: a first request
corresponding to one or more 1ull length suggested
responses 616, and a second request corresponding to one or
more suggested responses 316, 318 that may be subject to a
s1ze or character threshold corresponding to a notification
display size. In additional implementations, the receiving
computing device 1107 may transmit a single request for
both: (1) one or more full length suggested responses 616,
and (11) one or more suggested responses 316, 318. In both
of these implementations, the receiving computing device
110 will receive both of the one or more full length
suggested responses 616 and the one or more suggested
responses 316, 318, which can be displayed when 1s appro-
priate. It should be appreciated that, in these implementa-
tions, the content of the one or more full length suggested
responses 616 and the one or more suggested responses 316,
318 may be 1dentical (See, e.g., FIGS. 3 and 6 in which

suggested response 316 and full length suggested response
616-1 both correspond to ““Thanks™).

In addition to the above, the content of the notifications
(e.g., notification 310, 410A, and 410B) output by the
receiving computing device 1107 can be further dependent
upon factors other than those described above. For example
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only, the messaging application can be configured to output
notifications (notifications 310, 410B) that include one or
more suggested responses 316, 318 1n situations where there
are one or more unread electronic messages (electronic
message 312) in a single conversation. If, however, there are
one or more unread electronic messages (electronic message
312) 1n multiple conversations, the notifications 310, 4108
can be configured such that the electronic messages and no
suggestions are displayed 1n a notification 310, 410B, ¢.g.,
in order to best utilize the available notification display
space.

Furthermore, 1t 1s contemplated that—due to a messaging,
processing, or other delay—an electronic message 312 may
be received by the receiving computing device 1107 before
the one or more suggested responses 316 can be obtained. In
such implementations, an initial noftification 310, 410A,
410B can be generated and output by the receiving com-
puting device 110R, wherein the notification 310, 410A,
410B includes the contents of the electronic message (or a
portion thereol) and no suggested responses. When the one
or more suggested responses 316, 318 are obtained (after
outputting the mnitial notification), the imitial notification can
be updated to include the one or more suggested responses
316, 318. Siumilarly, 11 the one or more suggested responses
316 are recerved by the receiving computing device 1107
betfore the electronic message 312 1s received, the receiving
computing device 110 may wait to generate any notifica-
tions until receiving the electronic message 312.

In yet further implementations, the receiving computing
device 1107 can be configured such that the one or more
suggested responses 316, 318 that are output correspond to
the most recently recerved unread electronic message (e.g.,
clectronic message 312). In this manner, a notification 310,
410A, 410B can be updated as additional electronic mes-
sages 312 are received (e.g., 1n a single conversation) by
obtaining and outputting the one or more suggested
responses 316, 318 corresponding to the most recently
received unread electronic message 312.

Referring now to FIG. 8, a flow diagram of an example
technique 800 for transmitting a response 1n a messaging
application via a notification 1s illustrated. While the tech-
nique 800 will be described below as being performed by a
computing device 1107, 1t should be appreciated that the
technique 800 can be performed, in whole or in part, at
another or more than one computing device 110 and/or the
server computing device 120 described above.

At 810, the computing device 110 can receive receiving
an electronic message 312 via a messaging application. The
computing device 200 can further output (820) a notification
310, 410B of the electronic message 312 via a system level
notification function when the messaging application 1s
executing 1n a background of the computing device 110. The
notification 310, 410B can include an identifier 314 of a
sender of the electronic message 312, at least a portion of the
clectronic message 312, and one or more suggested
responses 316, 318 to the electronic message 312. It should
be appreciated that, although 820 provides that the notifi-
cation 310, 410B of the electronic message 312 1s output
when the messaging application 1s executing 1n a back-
ground of the computing device 110, a notification 310,
410B of the electronic message 312 can also be output via
a system level notification function when the messaging
application 1s executing 1n a foreground of the computing
device 110.

For example only, 1n some implementations a notification
310, 410B of the electronic message 312 can be output via
a system level notification function when the computing
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device 110 1s 1n a “locked” state and the messaging appli-
cation 1s executing in a foreground of the computing device
110. In some such implementations, and as described above,
the computing device 110 may output a notification 310,
410B while 1n the “locked” state, receive a user input
corresponding to the user 1107 selecting a particular sug-
gested response 316 from the notification 310, 4108, and
automatically transmit the particular suggested response 316
via the messaging application while the computing device 1s
in the “locked” state and/or without “unlocking” the com-
puting device 1107

At 830, the computing device 110 can recerve a selection
ol a particular response (316) of the one or more suggested
responses 316, 318 via the notification 310, 410B. In
response to the selection of the particular response 316, the
computing device 110 can transmit, via the messaging
application, the particular response 316 to the sender of the
clectronic message 312 while the messaging application 1s
executing 1n the background of the computing device 110.

The methods and systems disclosed herein do not require
collection, storage, or use of user data. In certain situations
in which user data may be used, a user (such as users 1107
and 110s) 1s provided with controls allowing the user to
make an election as to both 1f and when systems, programs
or features described herein may enable collection of user
information (e.g., mnformation about a user’s current loca-
tion, or information relating to a user’s various alphanu-
meric candidates), and if the user 1s sent content or com-
munications from a server. In addition, certain data may be
treated 1n one or more ways before it 1s stored or used, so that
personally idenftifiable 1information 1s removed. For
example, a user’s 1dentity may be treated so that no person-
ally identifiable information can be determined for the user,
or a user’s geographic location may be generalized where
location information 1s obtained (such as to a city, ZIP code,
or state level), so that a particular location of a user cannot
be determined. Thus, the user has control over what infor-
mation 1s collected about the user, how that information 1s
used, and what information 1s provided to the user.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled 1n the art. Numerous specific details are set
forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed,
that example embodiments may be embodied in many
different forms and that neither should be construed to limait
the scope of the disclosure. In some example embodiments,
well-known procedures, well-known device structures, and
well-known technologies are not described 1n detail.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be 1tended to include the plural
forms as well, unless the context clearly indicates otherwise.
The term “and/or” includes any and all combinations of one
or more ol the associated listed items. The terms “com-
prises,” “comprising,” “including,” and “having,” are inclu-
stve and therefore specily the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components,
and/or groups thereof. The method steps, processes, and
operations described herein are not to be construed as
necessarlly requiring their performance in the particular
order discussed or illustrated, unless specifically identified
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as an order of performance. It 1s also to be understood that
additional or alternative steps may be employed.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the example embodiments.

As used herein, the term module may refer to, be part of,
or include: an Application Specific Integrated Circuit
(ASIC); an electronic circuit; a combinational logic circuit;
a lield programmable gate array (FPGA); a processor or a
distributed network of processors (shared, dedicated, or
grouped) and storage in networked clusters or datacenters
that executes code or a process; other suitable components
that provide the described functionality; or a combination of
some or all of the above, such as 1n a system-on-chip. The
term module may also include memory (shared, dedicated,
or grouped) that stores code executed by the one or more
Processors.

The term code, as used above, may include software,
firmware, byte-code and/or microcode, and may refer to
programs, routines, functions, classes, and/or objects. The
term shared, as used above, means that some or all code
from multiple modules may be executed using a single
(shared) processor. In addition, some or all code from
multiple modules may be stored by a single (shared)
memory. The term group, as used above, means that some or
all code from a single module may be executed using a
group of processors. In addition, some or all code from a
single module may be stored using a group of memories.

The techniques described herein may be implemented by
one or more computer programs executed by one or more
processors. The computer programs include processor-ex-
ecutable 1nstructions that are stored on a non-transitory
tangible computer readable medium. The computer pro-
grams may also include stored data. Non-limiting examples
of the non-transitory tangible computer readable medium are
nonvolatile memory, magnetic storage, and optical storage.

Some portions of the above description present the tech-
niques described herein 1n terms of algorithms and symbolic
representations of operations on information. These algo-
rithmic descriptions and representations are the means used
by those skilled 1n the data processing arts to most eflec-
tively convey the substance of their work to others skilled in
the art. These operations, while described functionally or
logically, are understood to be implemented by computer
programs. Furthermore, it has also proven convenient at
times to refer to these arrangements of operations as mod-
ules or by functional names, without loss of generality.

Unless specifically stated otherwise as apparent from the
above discussion, i1t 1s appreciated that throughout the
description, discussions utilizing terms such as “processing”
or “computing” or “calculating” or “determining” or “dis-
playing” or the like, refer to the action and processes of a
computer system, or similar electronic computing device,
that manipulates and transforms data represented as physical
(electronic) quantities within the computer system memories
or registers or other such information storage, transmission
or display devices.
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Certain aspects of the described techniques include pro-
cess steps and 1nstructions described herein 1n the form of an
algorithm. It should be noted that the described process steps
and 1nstructions could be embodied 1n software, firmware or
hardware, and when embodied 1in software, could be down-
loaded to reside on and be operated from different platforms
used by real time network operating systems.

The present disclosure also relates to an apparatus for
performing the operations heremn. This apparatus may be
specially constructed for the required purposes, or it may
comprise a general-purpose computer selectively activated
or reconfigured by a computer program stored on a computer
readable medium that can be accessed by the computer. Such
a computer program may be stored in a tangible computer
readable storage medium, such as, but i1s not limited to, any
type of disk including floppy disks, optical disks, CD-
ROMs, magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), EPROMs,
EEPROMSs, magnetic or optical cards, application specific
integrated circuits (ASICs), or any type of media suitable for
storing electronic 1nstructions, and each coupled to a com-
puter system bus. Furthermore, the computers referred to in
the specification may include a single processor or may be
architectures employing multiple processor designs for
increased computing capability.

The algorithms and operations presented herein are not
inherently related to any particular computer or other appa-
ratus. Various general-purpose systems may also be used
with programs in accordance with the teachings herein, or it
may prove convenient to construct more specialized appa-
ratuses to perform the required method steps. The required
structure for a variety of these systems will be apparent to
those of skill in the art, along with equivalent variations. In
addition, the present disclosure 1s not described with refer-
ence to any particular programming language. It 1s appre-
ciated that a variety of programming languages may be used
to 1mplement the teachings of the present disclosure as
described herein, and any references to specific languages
are provided for disclosure of enablement and best mode of
the present mnvention.

The present disclosure 1s well suited to a wide varniety of
computer network systems over numerous topologies.
Within this field, the configuration and management of large
networks comprise storage devices and computers that are
communicatively coupled to dissimilar computers and stor-
age devices over a network, such as the Internet.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used 1n a
selected embodiment, even if not specifically shown or
described. The same may also be varied 1n many ways. Such
variations are not to be regarded as a departure from the
disclosure, and all such modifications are intended to be
included within the scope of the disclosure.

What 1s claimed 1s:

1. A computer-implemented method, comprising:

receiving, at a computing device of a user having one or

more processors, an electronic message via a messag-
ing application;

generating, at the computing device, one or more sug-

gested responses to the electronic message;
outputting, at the computing device while the messaging

application 1s executing in a background of the com-

puting device, a notification of the electronic message

10

15

20

25

30

35

40

45

50

55

60

65

18

via a system level notification function, wherein the
notification includes the one or more suggested
responses to the electronic message;

in response to recerving, at the computing device, first

user mput selecting a particular response of the one or
more suggested responses of the notification, transmit-
ting via the messaging application the particular
response to a sender of the electronic message, while
the messaging application 1s executing in the back-
ground of the computing device; and

in response to receiving second user input, causing the

messaging application to execute 1n a foreground of the
computing device, presenting second suggeste
responses that include the one or more suggested
responses and one or more additional suggested
responses 1n a graphical interface of the messaging
application, wherein each of the second suggested
responses 1s selectable by third user input for transmis-
sion to the sender of the electronic message.

2. The computer-implemented method of claim 1, further
comprising;

in response to transmitting the particular response, indi-

cating the electronic message as read, and

removing the notification from a display of the computing

device.

3. The computer-implemented method of claim 1,
wherein the one or more suggested responses are determined
by a trained language model, wherein the trained language
model outputs a set of possible responsive messages and
associated probability scores based on a preceding message
and assigns a probability to a portion of the electronic
message based on surrounding text, and further comprising
determining the one or more suggested responses from the
set of possible responsive messages.

4. The computer-implemented method of claim 1,
wherein the noftification includes a reply option selection
area separate from the one or more suggested responses, and
wherein the second user input includes selection of the reply
option selection area.

5. The computer-implemented method of claim 1,
wherein the electronic message 1s one of multiple unread
clectronic messages received at the computing device,
wherein the notification includes the one or more suggested
responses 1n response to the multiple unread electronic
messages being in a single conversation, and wherein the
notification excludes the one or more suggested responses in
response to the multiple unread electronic messages being in
multiple conversations.

6. The computer-implemented method of claim 1,
wherein the notification further includes an identifier of a
sender of the electronic message and at least a portion of the
clectronic message.

7. The computer-implemented method of claim 1, further
comprising updating the one or more suggested responses to
correspond to a most recently received unread electronic
message 1n a conversation that includes more than one
unread electronic messages.

8. The computer-implemented method of claim 1, turther
comprising obtaining, at the computing device, one or more
potential responses, wherein the one or more suggested
responses are one or more lirst suggested responses that are
a subset of and based on the one or more potential responses,
and wherein the one or more additional suggested responses
are determined from the one or more potential responses.

9. The computer-implemented method of claim 8,
wherein the one or more first suggested responses are
smaller in length compared to corresponding responses of
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the one or more potential responses, and wherein the second
suggested responses are full length responses of the one or
more potential responses.

10. The computer-implemented method of claim 8, fur-
ther comprising:

assigning priorities to the one or more potential responses

based on a length of the one or more potential
responses, wherein a priority associated with a first
potential response of a first length 1s assigned a higher
priority than a second potential response message of a
second length when the first length 1s smaller than the
second length; and

determining the one or more first suggested responses for

the noftification from the one or more potential
responses based on the priorities assigned to the one or
more potential responses.

11. The computer-implemented method of claim 8,
wherein generating the one or more suggested responses 1s
performed by another device and 1s based on the one or more
potential responses and on a display size of the notification
by the computing device, wherein the display size 1s deter-
mined by the other device based on characteristics of the
computing device.

12. A system comprising:

one or more processors; and

logic encoded 1n one or more tangible media for execution

by the one or more processors and when executed

operable to perform operations comprising:

receiving, at a computing device of a user, an electronic
message via a messaging application;

generating, at the computing device, one or more
suggested responses to the electronic message;

outputting, at the computing device while the messag-
ing application 1s executing 1n a background of the
computing device, a noftification of the electronic
message via a system level notification function,
wherein the notification includes the one or more
suggested responses to the electronic message;

in response to recerving, at the computing device, first
user input selecting a particular response of the one
or more suggested responses of the notification,
while the messaging application 1s executing 1n the
background of the computing device

transmitting via the messaging application the particu-
lar response to a sender of the electronic message;
and

in response to recerving second user mput causing the
messaging application to execute 1n a foreground of
the computing device, presenting second suggested
responses that include the one or more suggested
responses and one or more additional suggested
responses 1 a graphical interface of the messaging
application, wherein each of the second suggested
responses 1s selectable by third user input for trans-
mission to the sender of the electronic message.

13. The system of claim 12, wherein the electronic
message 1s one ol multiple unread electronic messages
received by the computing device, wherein the notification
includes the one or more suggested responses 1n response to
the multiple unread electronic messages being in a single
conversation, and wherein the notification excludes the one
or more suggested responses 1n response to the multiple
unread electronic messages being 1n multiple conversations.

14. The system of claim 12, wherein the one or more
suggested responses are determined by a trained language
model, wherein the trained language model outputs a set of
possible responsive messages and associated probability
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scores based on a preceding message, and further compris-
ing determining the one or more suggested responses from
the set of possible responsive messages.

15. The system of claim 12, further comprising obtaining,
at the computing device, one or more potential responses,
wherein the one or more suggested responses are one or
more {irst suggested responses that are a subset of and based
on the one or more potential responses, and wherein the one
or more additional suggested responses are determined from

the one or more potential responses.
16. The system of claim 15, wherein the one or more first
suggested responses are smaller m length compared to
corresponding responses of the one or more potential
responses, and wherein the second suggested responses are
tull length responses of the one or more potential responses.
17. A non-transitory computer-readable medium storing
instructions that, when executed by one or more processors,
cause the one or more processors to perform operations
comprising:
receiving, at a computing device of a user, multiple
clectronic messages via a messaging application;

outputting, at the computing device while the messaging
application 1s executing in a background of the com-
puting device, a notification of an electronic message of
the multiple electronic messages via a system level
notification function, wherein the notification includes
one or more suggested responses to the electronic
message 1n response to the multiple electronic mes-
sages being 1n a single conversation and wherein the
notification excludes the one or more suggested
responses to the electronic message 1n response to the
multiple electronic messages being in multiple conver-
sations;

recerving, at the computing device, a user selection of a

particular response of the one or more suggested
responses ol the notification while the messaging appli-
cation 1s executing in the background of the computing
device; and

in response to receiving the user selection, transmitting,

via the messaging application the particular response to
a sender of the electronic message, while the messaging,
application 1s executing in the background of the com-
puting.

18. The non-transitory computer-readable medium of
claim 17, wherein 1n response to receiving user mput caus-
ing the messaging application to execute in a foreground of
the computing device, presenting second suggested
responses that include the one or more suggested responses
and one or more additional suggested responses 1n a graphi-
cal interface of the messaging application, wherein each of
the second suggested responses 1s selectable by third user
input for transmission to the sender of the electronic mes-
sage.

19. The non-transitory computer-readable medium of
claiam 18, further comprising obtaining, at the computing
device, one or more potential responses, wherein the one or
more suggested responses are one or more first suggested
responses that are a subset of and based on the one or more
potential responses, and wherein the one or more additional
suggested responses are determined from the one or more
potential responses.

20. The non-transitory computer-readable medium of
claim 17, wherein the one or more suggested responses are
determined by a trained language model, wherein the trained
language model outputs a set of possible responsive mes-
sages and associated probability scores based on a preceding
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message, and further comprising determining the one or
more suggested responses from the set of possible respon-
S1IVE messages.
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